INTRODUCTION
The larynx is a central organ of the respiratory system playing an important role in respiration, phonation, and olfaction. T1 and T2 laryngeal cancers are generally considered "early" tumors, while T3 and T4 laryngeal cancers are seen as "advanced" tumors. [1] Total laryngectomy is still considered the gold standard for advanced laryngeal cancer treatment despite the new acquisitions in radiotherapy, chemotherapy, and conservative laryngeal surgery. [2] Larynx loss results in various physical and functional changes that can affect psychosocial well-being and some of the most and electrolaryngeal speech. [1, 5] The use of TEP after total laryngectomy has recently increased as a method of vocalization, following laryngeal cancer.
TEP rehabilitation has been applied in our institution since 2011. Until then, voice rehabilitation was only made using ES, electrolarynx (EL), and surgical voice restoration. In 1998, a team of Ear, Nose, and Throat (ENT) and microvascular surgeons performed a technique of laryngeal reconstruction using the fasciocutaneous radial free flap in three cases in our institution. Good speech fluency and intensity were achieved by the procedure only in one case, but surgeons quit this technique as the patient still underwent tracheostomy and reconstruction surgery lasted for approximately 17 h. [6] We found no studies on the impact of voice rehabilitation on QOL and voice handicap, following laryngectomy in Romanian scientific publications. To the best of our knowledge, this is the first Romanian report of the impact on health-related QOL (HRQL) and voice handicap index (VHI) of laryngectomies regarding voice rehabilitation. Therefore, the aim of this study was to assess the impact on QOL (HRQL) and VHI of laryngectomies regarding voice rehabilitation.
MATERIALS AND METHODS

Study design and participants
This retrospective study was conducted at the ENT Department of the Emergency, County Hospital, between October 2013 and November 2014. The study included patients diagnosed with laryngeal or hypopharyngeal cancer and they underwent total laryngectomy. Demographics and medical history, such as histological diagnosis, tumor stage, tumor location, surgery type and date, and voice rehabilitation method, were recorded for each patient. The QOL and voice handicap scales and items were calculated as variables: Functional scales -physical, role, cognitive, emotional, and social -symptom scales -fatigue, pain, nausea and vomiting -global QOL scale; European Organisation for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaire (QLQ-H) and N35 symptom scales (pain, swallowing, senses, speech, social eating, social contact, and sexuality); and the functional, physical, and emotional aspects of the voice handicap. More than half of the patients underwent voice rehabilitation, and during the interview, they were able to express themselves via esophageal voice (ES), tracheoesophageal voice (TEP), and EL. The other part of the patients did not undergo voice rehabilitation. Patients who refused to participate in the study, patients with associated neurological disorders, and patients lacking communication skills were excluded from the study.
Procedures and variables assessment
All participants were asked to answer three questionnaires; the VHI, the EOTRC core QOL questionnaire 30 (QLQ-C30 version 3), and the EOTRC head and neck cancer module (QLQ-H and N35) questionnaires applied in the same day. These questionnaires were mailed to patients with voice prosthesis 6 months after the first application of the questionnaires, and patients were asked to fill them again to assess patient speech success.
The VHI is a 30-item self-administered questionnaire that was developed by Jacobson et al. to quantify the patient's perception of disability resulted from voice disorder. [7] The items represent functional, physical, and emotional aspects of the voice handicap. The functional subscale refers to patient communication problems. The emotional subscale describes patient affective responses to voice disorder. The physical subscale relates to patient perception of his or her voice. [8] Scores range from 0 to 120. The VHI score between 0 and 30 reflects a minimal/mild VHI, a score between 31 and 60 reflects a moderate VHI, and a severe voice handicap is reflected by a total VHI score between 61 and 120 (maximum). [9, 10] The EORTC QLQ-C30 questionnaire consists of five functional scales (physical, role, cognitive, emotional, and social), three symptom scales (fatigue, pain, nausea and vomiting), one global QOL scale, and six independent items (dyspnea, insomnia, appetite loss, constipation, diarrhea, and financial problems). [11] [12] [13] The specific head and neck cancer module, EORTC QLQ-H and N35, includes 35 items, grouped into 7 symptom scales (pain, swallowing, senses, speech, social eating, social contact, and sexuality) and 11 independent items. [11, 12, 14] Patients were informed about the purpose of the study and information confidentiality. All patients included in the study signed informed consent form. The study was approved by the Ethics Committee of "Iuliu Hatieganu" University of Medicine and Pharmacy, Cluj-Napoca, Romania (Reference number: 419/17.12.2014).
Statistical analysis
Statistical analysis was performed using MedCalc Statistical Software version 16.8 (MedCalc Software bvba, Ostend, Belgium; https://www.medcalc.org; 2016). Quantitative data were characterized as mean and standard deviation (SD) (Kolmogorov-Smirnov test for normality). Qualitative data were expressed as absolute and relative frequency. Comparisons between groups were made using ANOVA post-hoc Tukey test. Variable differences between two repeated measurements were evaluated using the paired t-test. The relationship between scores was assessed using Pearson's correlation. A P < 0.05 was considered statistically significant.
RESULTS
The study consisted of 65 patients who had undergone total laryngectomy for laryngeal or hypopharyngeal cancer. Sixty-two patients (95, 3%) were male and three (4, 61%) were female. Mean age was 59.22 years (SD = 9.00). The youngest group was represented by TEP speakers, with a mean age of 55.29 years (SD = 9.6); the oldest group was represented by those with EL, with a mean age of 64.12 years (SD = 5.96). We included 40 patients undergoing voice rehabilitation, and we also followed 25 patients without voice rehabilitation. The types of laryngeal communication were heterogeneously distributed. Among patients who underwent voice rehabilitation therapy, 14 (21, 5%) had tracheoesophageal voice (TEP), 9 (13, 8%) esophageal voice (ES), and 17 (26, 1%) EL. Thirty-nine (60%) of them underwent adjuvant radiotherapy (aRT), 23 (35, 38%) underwent adjuvant chemotherapy, and 21 (32.31%) underwent concomitant chemoradiotherapy. The most prevalent tumor site was the larynx (glottis = 41 and supraglottis = 13), and T-stage was usually advanced (T3 = 33.85% and T4 = 47. 69%). Fourteen patients presented postoperative complications -pharyngocutaneous fistula -and required additional treatment. The interval between surgery and the completion of the questionnaire varied from 1 month to more than 5 years: less than 1 year in 23 cases (35.4%), 1 year to 5 years in 33 patients (50.8%), and over 5 years in 9 cases (13.8%). Provox voice prosthesis was placed during surgery (primary puncture) in 6 patients and after surgery (secondary puncture) in 8 patients.
The results of EORTC QLQ-C30 showed a difference close to the threshold of statistical significance between group with voice rehabilitation and the group without voice rehabilitation in terms of scale scores: physical functioning, emotional functioning, and pain, with statistically significant difference in fatigue. The functional scale showed a better score for esophageal speakers than for TE speakers, those with EL, and patients who did not undergo voice rehabilitation. Symptom scale showed that patients who did not undergo voice rehabilitation experienced fatigue and pain problems. The global health status (QOL) score was higher in the esophageal group than in the others groups. The results of the EORTC QLQ-C30 questionnaire are shown in Table 1 .
The most common problems reported for the QLQ-H and N35 questionnaire were pain, trouble with social contact, trouble with social eating, teeth, sticky saliva, and feeling of illness. A higher symptom score reflects stronger symptoms and more serious problems. Patients without voice rehabilitation were affected significantly stronger than those who underwent voice rehabilitation therapy. The latter showed a better symptom score in patients with esophageal voice. The results of the EORTC QLQ-H and N35 questionnaire are shown in Table 2 .
A total of 26 (40%) patients had the VHI score between 31 and 60 (moderate voice handicap) and 39 (60%) patients had the VHI score over 61 (severe voice handicap). We compared the total VHI score and the three subscales for different methods of voice rehabilitation with the group who did not undergo voice rehabilitation. Patients who underwent voice rehabilitation therapy had a better total VHI score (55.85 ± 23) than those who did not (60.71 ± 25.99), with statistically significant differences between groups (P = 0.05). For the functional subscale, esophageal speakers had the lowest score (best function) and those who did not undergo voice rehabilitation had the highest score (worst function), the difference being very close to the threshold of statistical significance (P = 0.07). The functional subscale refers to patient communication problems related to the difficulty of being understood as a result of voice changes. Regarding the physical subscale, patients with esophageal voice had the lowest score and patients who did not undergo voice rehabilitation had the highest score. Regarding the emotional subscale, patients using EL had the best score while patients with esophageal voice had the highest score (worst function) [ Table 3 ].
We assessed the three subscales and total VHI scores regarding aRT and adjuvant chemotherapy in patients with voice rehabilitation, obtaining differences in mean score There was a statistically significant direct correlation between symptom scales, such as fatigue, pain, appetite loss, diarrhea, and financial problems and voice handicap [ Table 4 ]. There was a statistically significant direct correlation between VHI and QLQ H and N35, which means higher symptom scores (worst) and more serious voice disorder [ Table 5 ].
DISCUSSION
The goal of voice rehabilitation is to gain good quality voice. In our study, QOL was better in patients submitted to voice rehabilitation than in the other group. The results support previous findings stating that QOL was worse in laryngectomees who were not submitted to voice rehabilitation. [15, 16] There were statistically significant differences between the group that underwent voice rehabilitation and the group that did not, with a better total VHI score for the first group.
According to Rossi et al., the results regarding QOL and voice indicate that the treatment method used is not the only one that matters as the presence of voice rehabilitation following total laryngectomy is as important. [17] Adequate speech restoration following laryngectomy is one major aim of the therapy. Different speech options such as TEP speech, ES, or EL are in use. [2] Esophageal speech In 1922, Seeman found that the cervical esophagus could act as neoglottis and the stomach and distal esophagus could act as an air reservoir. [17] ES is a learned ability that requires speech training and much practice. The speech produced is of low volume and low pitch. 
Electrolarynx
The most common device is a hand-held, battery-powered device placed under the mandible, which produces vibrations and allows speech. The substitute voice is monotonous and mechanical. [15] Tracheoesophageal voice prosthesis In 1978, Eric Bloom and Mark Singer secondarily inserted special valve prostheses into a surgically created tracheoesophageal fistula, allowing thousands of patients worldwide to regain their ability to speak. [18] Until then, ES and EL were the most popular methods of voice rehabilitation. [19] TEP can be inserted during surgery or as a secondary procedure. The Provox voice prosthesis is a low-resisting indwelling device developed within the Netherlands Cancer Institute in 1988, and it is currently one of the most widely used devices. [20] [21] [22] [23] The use of TEP has clearly improved QOL in patients with total laryngectomy. [22] The EORTC QLQ-C30 results in the present study demonstrated that all groups presented changes in QOL, but ES patients had a better score for the functional scale compared with nonvocal patients. These results are similar to those of the study conducted by Ana Pereira da Silva et al., showing that patients with ES have higher functional capacity compared with TEP patients and the nonvocal group. [15] The nonvocal group complained more often about pain and dyspnea, and the EL group had more problems with fatigue compared with the other groups. Lundström et al. found the same result, emphasizing that laryngectomees did not have very serious symptom problems. [10] The results of the QLQ-H and N35 questionnaire showed that patients attending speech therapy did better in most scales. Patients who remain nonvocal had a higher perception of their dysfunction in communication than those rehabilitated with ES, EL, or TES. The QLQ-H and N35 questionnaire in our study reported that patients without voice rehabilitation were significantly more affected than the other groups. These findings are similar to those from the study conducted by Fahsl et al. [24] We reported the same problems: pain, trouble with social contact, trouble with social eating, teeth, feeling of illness, and sticky saliva. Patients with pharyngocutaneous fistula had a feeding tube which made them feel ill. The presence of the feeding tube made patients feel uncomfortable eating in public and interacting with people. These results could explain some of the problems observed in these patients.
Comparisons between the global health status (QLQ), QLQ-C30, H and N35, and VHI scores for TEP speakers, esophageal speakers, and speakers who use an EL showed statistically significant correlations between these groups. Correlation coefficients are negative for the functional scales of EORTC QLQ-C30 because high scores on the functional scales indicate good status and high scores on the VHI indicate poor status. Correlation coefficients are positive for the symptom scales and items of QLQ-C30 and QLQ H and N 35 because high scores on the symptom scales, as well as on the VHI, indicate poor status.
VHI comparisons between oncological treatments showed that patients with aRT achieved higher scores (highest voice handicap) when compared with those without aRT, and the best score (lowest voice handicap) was recorded in patients without adjuvant chemotherapy when compared with those with adjuvant concomitant chemotherapy, with differences in mean score but without any statistically significant difference. Our study results indicate that the voice rehabilitation method can be influenced by the addition of radiotherapy and chemotherapy.
Age and postoperative period did not have a significant influence on voice handicap scores. These findings differ from those obtained by Kazi et al. , who reported that only age, radiation, and chemotherapy influence voice handicap scores. [22] Our results regarding voice handicap demonstrated that the group who underwent voice rehabilitation had a greater voice handicap score than patients who did not undergo voice rehabilitation. Interestingly, patients with tracheoesophageal prosthesis had greater voice handicap scores than patients who did not undergo voice rehabilitation but lower than the group with esophageal voice. This probably explains why patients with TEP need an adjustment period as they had less time to integrate back into society and adapt to the new conditions of life. Most of our ES patients were evaluated longer after the end of voice rehabilitation therapy, and patients had adapted to the new conditions of life and learned to live with the inevitable consequences of laryngectomy. Further, the patients who express themselves through esophageal voice does not require surgical intervention. [25] This means that the patient is mostly independent of medical support and avoid the financial costs. However, learning to use this type of speech is much more difficult than talking with a voice prosthesis. Although the reason for this is not clear, data in the literature show that fluent, conversational speech may be acquired within just a few days with TEP, which is helpful for the patient's psychological state. [21] However, despite the new design of devices in recent years, obstruction of the prostheses and leakage through the devices are still the most frequent complications. [20] The paired t-test and Pearson's correlation coefficient were used to compare voice handicap in patients with TEP rehabilitation between the first and the second (after 6 months) administration of the VHI questionnaire.
The first use of the VHI questionnaire in patients with TEP was initially associated with severe voice handicap in our patients; however, during follow-up, voice handicap score had improved. Patients described a significant improvement in voice production with the voice prosthesis. The impact of voice disability from the patient's functional point of view showed the best function for this subscale, with significant statistical differences. VHI scores improved following voice restoration using TEP after an adjustment period.
This procedure is preferable to others due to advantages such as clearer speech and long phonation time. [2, 22] However, voice restoration using TEP is not yet common in Romania. Despite the small sample size, this study enabled the opportunity for a preliminary observation regarding the impact on QOL and voice handicap of laryngectomees with different types of voice rehabilitation in Romania.
TL patients should start rehabilitation and speech therapy as soon as possible during postoperative care for social reintegration, an important aspect of QOL.
CONCLUSION
This study demonstrated that QOL was better in patients who underwent voice rehabilitation therapy than in those who did not. The EORTC QLQ-C30, EORTC QLQ-H and N35, and VHI questionnaires help getting information regarding the way life is affected in laryngectomees after treatment. These data give us the opportunity to adjust rehabilitation and support programs to improve patient QOL.
